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(54) CHARGE INJECTION SPIN TRANSISTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a charge injection spin 
transistor which induces a charge alignment phase transition by 
other braking except a magnetic field and which uses the transition 
for a memory device. 

SOLUTION: The charge injection spin transistor comprises a 
perovskite Mn oxide layer 12 having a source electrode 13, a drain 
electrode 1 4, and further a structure having a gate electrode 1 6 on 
the layer 12 via an insulating layer 15 to induce the charge ^ 
alignment phase transition. In this transistor, a voltage is applied to 
the gate electrode 16 to control a carrier (hole) density in the layer 
12. Thus, the transition is induced by other braking except the 
magnetic field, and this can be used for the memory device. 
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* NOTICES * 

JPO and NCI PI are not: responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The charge impregnation mold spin transistor characterized by having an oxide layer with the charge 
alignment phase transition effectiveness established on the base, and the oxide layer which pours into a list the 
charge from a source electrode, a drain electrode, and this gate electrode formed in gate inter-electrode, and 
being constituted. 

[Claim 2] The oxide layer which has the charge alignment phase transition effectiveness in a charge 

impregnation mold spin transistor according to claim 1 is a charge impregnation mold spin transistor 

characterized by being Mn system perovskite oxide which uses Mn03 as a parent. 

[Claim 3] Setting to a charge impregnation mold spin transistor according to claim 2, said Mn system 

perovskite oxide is a charge impregnation mold spin transistor according to claim 1 characterized by being 

PrCaMn03 which added calcium with the becoming structure Prl-xCaxMn03. 

[Claim 4] Setting to a charge impregnation mold spin transistor according to claim 2, said Mn system 

perovskite oxide is a charge impregnation mold spin transistor according to claim 1 characterized by being 

NdSrMn03 which added Sr with the becoming structure Ndl-xSrxMn03. 

[Claim 5] It is the charge impregnation mold spin transistor according to claim 1 characterized by said base 
being a SrTi03 single-crystal object in a charge impregnation mold spin transistor given in any [ claim 1 
thru/or ] of 4 they are. 

[Claim 6] The charge impregnation mold spin transistor according to claim 1 characterized by said base being 
silicon which has thermal oxidation silicon on a front face in a charge impregnation mold spin transistor given 
in any [ claim 1 thru/or ] of 4 they are. 

[Claim 7] It is the charge impregnation mold spin transistor of description claim 1 publication about said base 
being a MgO single crystal object in a charge impregnation mold spin transistor given in any [ claim 1 thru/or ] 
of 4 they are. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the charge impregnation mold spin transistor using the charge 
alignment phase transition by which induction is especially carried out to a bulk memory or a sensor with a 
current or a charge about the charge impregnation mold spin transistor using an available magneto-resistive 
effect. 
[0002] 

[Description of the Prior Art] Conventionally, a charge impregnation mold spin transistor is applied to memory. 
Considering the trend of the memory of these days, it can be said that development development of the 
ferroelectric capacitor memory (FRAM (trademark)) using a ferroelectric is concentrated on. In the field of 
memory application of the latest ferroelectric, the electric field effect mold memory device (FE-FET) attracts 
attention, and it can be said to be ultimate memory if it operates as expected. 

[0003] On the other hand, magnetic memory is also continuing densification with development of an 
information society every year, and it is changing in current by the rate of increase of the field recording density 
of an annual rate of 60%. It is thought in the near future that the magnetic memory of surface density storage of 
15-30 MBit/m2 (10-20 GBit/in2) class appears. If it turns to the application to such high density storage, the 
big modulation of a reluctivity (MR ratio) is important. Although the current MR ratio (Magneto-Resistive) 
head was used when the head was taken for the example, recently, a spin bulb GMR head with more high 
sensibility began to be used. As a value of MR ratio, it is about 7% by the spin bulb film 2% in MR film. 
Furthermore, the attempt of the application of the above-mentioned magneto-resistive effect to magnetic 
random access memory (MRAM) is also being started in a tentative way. 

[0004] As a phenomenon in which the above-mentioned large MR ratio can be taken, abbreviate to giant 
magneto-resistance [GMR of the magnetic multilayers which make a Fe/Cr metal artificial grid representation. 
For example M, N, Baibich, and J.M.Broto, A. Fert, Nguyen Van Dau, F, Petroff, P.Etienne, G.Creuzet, 
A.Friederich and J.Chazel as:Phvs.Rev.Lett, 61 (1988), and 2472], Research of the magneto-resistive effect 
[T.Miyazaki and N.TezukaiJ.Magn.Magn Mater. 139(1 995) L231 abbreviated to TMR] in a ferromagnetic 
tunnel junction etc. is also done briskly. The greatest saturation magnetic-reluctance change reported by these 
reference etc. is 25% or less of order. 

[0005] furthermore, the phenomenon which shows a big magnetic-reluctance change — super-giant magneto- 
resistance (Colossal Magneto-Resistance effect:CMR) [— A. — Asamitsu, Y.Morimoto, Y.Tomioka, and 
T.Arimuraand Y.Tokura : Nature and 373 (1995) 407] attract attention recently. 

[0006] The above-mentioned effectiveness points out the huge negative MR effectiveness observed in 
perovskite mold Mn oxide Rl-xAxMn03 (R is + trivalent rare earth ion, such as La, Pr, and Nd, and A is + 
divalent ion, such as calcium, Sr, Ba, and Pb) rediscovered within the past several years, and the magnetic field 
induction insulator-metal transfer (field-induced insulator-metal transition) which can be further said also as the 
extreme of the MR effectiveness. When one of the remarkable descriptions in this system carries out the partial 
(x) permutation of the R3+ ion with A2+ ion and carry doping is performed, it is a lifting and that a 
ferromagnetic metal phase appears below in Curie-temperature Tc further about an insulator-metal transfer. 
[0007] The 2nd description of this system is that two parameters called the transfer integral (transfer interaction) 
t of a carrier, i.e., carrier consistency x and 1 electronic bandwidth W, are considerably controllable by the 
combination of various (R3+, A2+) to a precision. For example, if Lal-xSrxMn03 (x= 0.175) is taken for an 
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example as a CMR ingredient and MR ratio will take 90% (ratio of H= 0 and H= 1 5 Stera), and Prl-xCaxMn03 
(x= 0.3) for an example in T=283K, in T=20K, MR ratio will become 101 1 (H= 0 and H= 6-tesla ratio) thing 
magnitude. 

[0008] Moreover, there is JP, 10-255481, A as other conventional examples to which this invention and a 
technical field are similar. This conventional example tends to apply the charge alignment phase transition by 
which induction is carried out to memory by impressing an electrical potential difference to the perovskite mold 
Mn oxide (Pr0.7calcium0.3MnO3) of bulk. 
[0009] 

[Problem(s) to be Solved by the Invention] However, with the above-mentioned conventional technique, to 
obtain big MR ratio in a perovskite mold Mn oxide, it is necessary to impress a big external magnetic field. 
Moreover, at above-mentioned conventional JP, 10-255481, A, the function as a memory device is accompanied 
by the problem which has not been achieved only by realizing a high resistance condition and a low resistance 
condition. 

[0010] This invention aims at offering the charge impregnation mold spin transistor which was made to carry 
out induction of the charge alignment phase transition, and used this for the memory device by other braking of 
those other than a magnetic field. More, this invention prepares the source and a drain electrode in a perovskite 
mold Mn oxide layer, it has a gate electrode through an insulating layer on a perovskite mold Mn oxide layer in 
order to carry out induction of the above-mentioned charge alignment phase transition further, and it aims at 
offering the charge impregnation mold spin transistor which controls the carrier (hole) consistency in a 
perovskite mold Mn oxide layer in a detail by impressing an electrical potential difference to a gate electrode. 
[0011] 

[Means for Solving the Problem] In order to attain this purpose, the charge impregnation mold spin transistor of 
invention according to claim 1 is characterized by having the oxide layer which pours in a charge in an oxide 
layer with the charge alignment phase transition effectiveness established on the base, and a list, and a source 
electrode, a drain electrode, a source electrode and a drain electrode, and this gate electrode formed in gate 
inter-electrode being consisted of. 

[0012] The oxide layer which has the charge alignment phase transition effectiveness in a charge impregnation 
mold spin transistor according to claim 1 in invention according to claim 2 is good in it being Mn system 
perovskite oxide which uses Mn03 as a parent. 

[0013] Supposing Mn system perovskite oxide is PrCaMn03 which added calcium with the becoming structure 
Prl-xCaxMn03, it is [ in / by invention according to claim 3 / a charge impregnation mold spin transistor 
according to claim 2 ] good. 

[0014] Supposing said Mn system perovskite oxide is NdSrMn03 which added Sr with the becoming structure 
Ndl-xSrxMn03, it is [ in / by invention according to claim 4 / a charge impregnation mold spin transistor 
according to claim 1 ] good. 

[001 5] In a charge impregnation mold spin transistor given in any [ claim 1 thru/or ] of 4 they are in invention 
according to claim 5, supposing said base is a SrTi03 single-crystal object, it is good. 

[0016] It is good supposing said base is silicon which has thermal oxidation silicon on a front face in invention 
according to claim 6 in a charge impregnation mold spin transistor given in any [ claim 1 thru/or ] of 4 they are. 
[0017] It is good supposing said base is a MgO single crystal object in invention according to claim 7 in a 
charge impregnation mold spin transistor given in any [ claim 1 thru/or ] of 4 they are. 
[0018] 

[Embodiment of the Invention] Next, with reference to an accompanying drawing, the gestalt of operation of the 

charge impregnation mold spin transistor by this invention is explained to a detail. Reference of drawing 1 - 

drawing 7 shows 1 operation gestalt of the charge impregnation mold spin transistor of this invention. 

[0019] Drawing 1 is the mimetic diagram showing the basic configuration of the charge impregnation mold spin 

transistor which can apply this invention. In this drawing 1 R> 1 , the charge impregnation mold spin transistor 

of this operation gestalt has a base 1 1 , the perovskite mold Mn oxide layer 1 2, the source electrode 13, the drain 

electrode 14, an insulating layer 15, and the gate electrode 16, and is constituted. 

[0020] A base 1 1 is constituted using the matter with the lattice constant near the lattice constant of the 

perovskite mold Mn oxide layer 12 which carries out a laminating. An insulating layer 15 is a layer for taking 

the insulation between the above-mentioned gate electrode 16 and the perovskite mold Mn oxide layer 12. The 
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gate electrode 16 is an electrode for pouring in a charge in order to carry out induction of the charge alignment 
phase transition of the above-mentioned perovskite mold Mn oxide layer 12. 

[0021] Next, actuation of the spin transistor of this invention is explained based on drawing 2 . Drawing 2 is 
drawing which expressed the condition at the time of elimination typically at the time of memory at the time of 
the writing of the charge impregnation mold spin transistor of this invention. In addition, each configuration 
section in drawing 2 is the insulating layer 25 for taking the insulation between the gate electrodes 26, the 
above-mentioned gate electrodes 26, and the perovskite mold Mn oxide layers 22 which pour in a charge in 
order to carry out induction of the charge alignment phase transition of the part 221 and the source electrode 23 
with which impregnation and drawing are performed to the perovskite mold Mn oxide layer 22 and the above- 
mentioned perovskite mold Mn oxide layer in a charge, and phase transition happens, the drain electrode 24, 
and the above-mentioned perovskite mold Mn oxide layer 22. 

[0022] Moreover, drawing 3 shows the conductivity between the source-drains corresponding to each condition 
in drawing 2 . In drawing 3 , where electronegative potential is impressed to a gate electrode, it is equivalent to 
drawing 2 (a), and the part 221 of drawin g 2 carries out layer transition, and is in the low resistance condition at 
the ferromagnetic metal layer, and Sign a expresses the condition that writing is performed. Drawing 2 (b) is in 
the condition which impressed polar potential contrary to the case of Sign a to the gate electrode, and in 
drawing 3 , it is equivalent to Sign b, and the part 221 of drawing 2 carries out layer transition, and is in the high 
resistance condition at the paramagnetism insulator layer, and it expresses the condition that elimination is 
performed. Drawing 2 (c) is in the condition in the middle of having decreased potential from the gate potential 
of Sign a to the gate potential of Sign b in drawing 3 , and expresses the condition of it being equivalent to the 
sign c of drawing 3 , and holding the low resistance condition, drawing 2 (d) — drawing 3 ~ it is in the condition 
in the middle of making potential increase from the gate potential of the sign b to kick to the gate potential of 
Sign a, and it is equivalent to the sign d in drawing 3 , and the condition of holding the high resistance 
resistance condition is expressed. By passing through the condition from the sign a explained above to Sign d, 
the resistance between source-drains (conductivity) will draw a hysteresis and can realize a memory device so 
that clearly from drawing 3 . 
[0023] 

[Example] The example of the charge impregnation mold spin transistor of this invention is shown below, and 
this invention is explained to it in detail. 

[0024] (Example 1) The mimetic diagram of one operation gestalt in the charge impregnation mold spin 
transistor of this invention is shown in drawing 4 . In drawing 4 the charge impregnation mold spin transistor of 
this operation gestalt With a strontium titanate (it is written as SrTi03:STO) single crystal substrate By base 
41Prl-xCaxMn03 constituted The insulating layer 45 which is Si02 for taking the insulation between the 
perovskite mold Mn oxide layer 42 constituted, the source electrode 43 which is a Pt electrode, the drain 
electrode 44 which is a Pt electrode, the above-mentioned gate electrode 46, and the perovskite mold Mn oxide 
layer 42, In order to carry out induction of the charge alignment phase transition of the above-mentioned 
perovskite mold Mn oxide layer 42, it has the gate electrode 46 which is a Pt electrode for pouring in a charge, 
and is constituted. 

[0025] Next, the production approach of the charge impregnation mold spin transistor of this invention is 
explained using drawing 5 . 

[0026] Process (1); this is enough washed using the STO single crystal substrate described above as a base 51. 
Process (2); on this substrate 51, the spin coat of the Pr-calcium-Mn sol solution is carried out, and the Pr- 
calcium-Mn gel film is formed. Next, after calcinating at 250 degrees C among atmospheric air for 30 minutes 
and performing deorganic and dehydration, it calcinates at 1 000 degrees C among atmospheric air for 3 hours, 
and 700A of Prl -xCaxMn03 thin films is formed. 

Process (3); Actuation of a process (2) is repeated 3 times and about 2000A of Prl-xCaxMn03 thin films 52 is 
formed. 

Process (4); 1000A and the platinum drain electrode 54 are produced for the platinum source electrode 53 by 
the 1000A SUPPATA method on the above-mentioned Prl-xCaxMn03 thin film. In addition, in order to raise 
the adhesion over this Prl-xCaxMn03 thin film of each platinum electrode, the spatter of the 50A of Ti is 
beforehand carried out as a substrate of platinum. 

Process (5); a reactant sputtering technique is used between the platinum source electrode 53 whose Prl- 
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xCaxMn03 above-mentioned thin film is pinched, and the platinum drain electrode 54, and 1 000A spatter of 
Si02 is carried out as an insulating layer. 

Process (6); finally 1000A spatter membrane formation of the platinum is carried out as a gate electrode on the 
above-mentioned insulating layer, and a device is completed. 

[0027] In addition, the preparation of the sol gel solution used for the above-mentioned process (2) is explained 
based on drawing 6 . 

[0028] First, Mn carboxylate is chosen for Pr alkoxide and calcium alkoxide to Mn again to Pr and calcium, 
respectively. A result with a methoxide, ethoxide, isopropoxide, n-propoxide, n-butoxide, sec-butoxide, and 
tert-butoxide it is desirable and good [ an alkoxide ] is given here. Weighing capacity is carried out so that the 
presentation ratio of a request of these metal raw materials may be obtained. 

[0029] Next, although the aforementioned metal raw material is dissolved into an organic solvent, alcohol, 
alkoxide alcohol, etc. can be used as this organic solvent. As for alcohol, a methanol, ethanol, isopropanol (IPA 
and brief sketch), n-propanol, n-butanol, a sec-butanol, a tert-butanol, and alkoxide alcohol give a result with 
good 2-methoxyethanol, 2-ethoxyethanol, 2-propoxy ethanol, 2-butoxyethanol, and l-methoxy-2-propanol 
preferably. Moreover, a result also with good toluene and xylene is given. 

[0030] Specifically, the following procedures adjust a sol gel solution. First, use as a solution 1 the solution 
made to dissolve Pr alkoxide and calcium alkoxide in alcohol, alkoxy alcohol, or its both (IPA is made into the 
example in drawing 6 ), and let the solution made to dissolve Mn carboxylate in alcohol, alkoxy alcohol, or its 
both be a solution 2. Next, the solution which mixed the solution 1 and the solution 2 is flowed back at 80-130 
degrees C, and a Pr-calcium-Mn sol gel solution is obtained. 

[003 1 ] Thus, when the relation between the gate electrode voltage of the obtained spin transistor and the 
resistivity between sow sault drains was measured, it became like drawing 7 and the property as a transistor was 
checked. 

[0032] (Example 2) Using the laser ablation method instead of the sol gel process in the process (2) of drawing 
5 of an example 1 , and the process (3), others produced the spin transistor of this invention at the same process 
as an example 1 . 

[0033] The conditions of laser ablation of having used for this example 2 are shown in Table 1. In addition, the 
target was produced as follows. Namely, the atomic ratio of Pr:calcium:Mn carried out weighing capacity of 
each powder of Pr 60O1 1 , and CaC03 and Mn 304 at a rate set to 0.7:0.3: 1 , ethanol was added to this, and it 
stirred with the agate mortar for 40 minutes. And after calcinating said mixture for 24 hours and grinding it at 
1000 degrees C in atmospheric air, it mixed again and it has further already been calcinated whenever [ - ], and 
grinding mixing was carried out. It pressed by 1 ton/cm2, and in atmospheric air, the obtained powder mixture 
was heated for 48 hours, was calcinated at 1 100 degrees C, and the target was produced. 
[0034] 
[Table 1] 
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Thus, when the relation between the gate electrode voltage of the obtained spin transistor and the resistivity 

between source-drains was measured, the same property as an example 1 was acquired. 

[0035] (Example 3) In this example 3, when Nd0.5Sr0.5MnO3 thin film was used instead of Prl-xCaxMn03 

thin film of an example 1, in temperature 50K, the same hysteresis as an example 1 was acquired. 

[0036] In addition, an above-mentioned operation gestalt is an example of suitable operation of this invention. 

However, deformation implementation is variously possible within limits which do not deviate not from the 

thing limited to this but from the summary of this invention. 

[0037] 

[Effect of the Invention] As explained above, in order to prepare the source and a drain electrode in a perovskite 
mold Mn oxide layer and to carry out induction of the above-mentioned charge alignment phase transition 
further, on the above-mentioned perovskite mold Mn oxide layer, through the insulating layer, it has a gate 
electrode and, according to this invention, structure implementation is carried out. By this, induction of the 
charge alignment phase transition is carried out by other braking of those other than a magnetic field, and it 
becomes possible to use this for a memory device. 
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DRAWINGS 



[Drawing 1] 




[Drawing 4] 




[Drawing 2] 

2^ 2524 




(b) 



(c) 

[Drawing 3] 



(d) 
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[Drawing 7] 
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PROBLEM TO BE SOLVED: To obtain a charge injection spin transistor which induces a charqe 
memo^deJicr tranSit '° n by ° ther brakin 9 exce Pt a magnetic field and which uses the transition for a 

SOLUTION: The charge injection spin transistor comprises a perovskite Mn oxide layer 12 havinq a 
source electrode 13 a drain electrode 14, and further a structure having a gate electrode 16 on the layer 
12 via an insulating layer 15 to induce the charge alignment phase transition. In this transistor, a voltage 

SJSSS 9 k i, 6 * *\ 6 u t0 COntr01 3 ^ rrier (ho,e) density in the ^ 1 2 - Th". the transition is 
induced by other braking except the magnetic field, and this can be used for the memory device 




://C:¥Documents and Settings¥^f&¥My Documents¥espacenet¥JP200307814... 2005/07/25 



(19)B*B#iW (JP) (12) ^ H 45 H= ^ 3* (A) 



#^§2003-78147 
(P2003-78147A) 
(43)^BHB ^J«15^ 3^148(2003.3.14) 



(51)IntCL 7 
H0 1L 29/82 
21/316 
27/105 
43/08 



F I 

H0 1L 29/82 
21/316 
43/08 
27/10 



w-r<**> 

T 5F0 5 8 
G 5F0 8 3 
Z 



44 7 



(2i>ara#f» 


«B2001 -265073( P2001 -285073) 


(71) tUMA 


000001007 










<22)tfUHB 


¥f£134p 8 £31 B (2001. 8. 31) 




JfOKifcfcrHerFA^ 3 T B30# 2 ^ 






(72)«W# 


mm 








*^*BHKT2lf?3TB30#2*J^r/ 














(72) aw* 


ftea mm. 








#SC8fc*ffl KTA^f- 3 T B 30S 2 y 














(74) ^SA 


100088098 



















(54) B6w©=siw smaxaixt;>h5>^^ 
(w) im&i 

i mm i n^JiiH<oflfe<o$ijKi iz iot 

-xmm 13. f w yisg 1 4 s-tsft . $ 4. (c±is« 
m ns-fb^s 1 2±_i,zmm 1 5 s-^-LTy- 1 
flirf h z. t tc j: 9 ^xi-rxij 4 hwm n ss-fk^a 1 2 1*3 



13 



16 15 

\/ 



/ 



14 



• 12 
11 



(2) ffl2 003-78147 (P2 0 0 3-718$ 



zft^>mmm. m/izv-xvm. nw^tii, 

Mn0 3 MnW^^f hWHmX'b 

Pr t _ x Ca x Mn0 3 3:SfgaS£3rL*;Ca£m!ra 
LfcPrCaMn0 3 T'fcl. .1 J: Sr^fSfc-TSM^Jl 1 
KfE&coffit&ASx tr y h ? yi?x? . 

Ndj _ x Sr x Mn0 3 LfcSrfcSsfln 
LfcN d S r M n O 3 i *mLt^Z>m$m 1 

imxm 5 3 m&m itm. a comxtiHztmcomM&. 
o 3 sm&wx'hz, £ t ^ste-raw #>i 1 ie«<7)m 

amx t >- h 5 y : jx ? v ^x . frf e***^Mtc^i 
i amm i 3 mm iM4 ^^{cias^m?^ 

[0001] 

eyr-^y^x^crau mz. m%ah&\,mmffiiz£ 

[0002] 

«±. taut*. jt=t vizmmztiz. Bt^cox^wMfa 
*y (fram (sons) ) ora^^(cayjLTv> 

V^TIiWWM^X*!;* 1 ? (FE-FET) #&B$ 
h. 

[00033 imiKtb&xmtzft 



30MBit/m2 ( 1 0~2 0 GB i t/ i n2 ) ? 

7^.^®^SiB1t^am^ ^ U ^*tt}31-r S 

*t£>. ClOJ:3=3:«?5SIBif^<7j^tci6i(fC{i. ISm 

WCi: St SftM R Jt ( Magneto-Resi stive) *^<y F#* 

GMR^y Rd<flU>*lite>£. MRJt<0ffii: l/Ctt, M 

(mram ) ^JCfflwlS^t,li:ii«(cffl5&$ti.ooS, 

[00043 ±iecOMRit#*# < tix&^i: LX. 
F e/C r ^gAX|g^^ft«i:-ri.lStt^/iJScoE± 

[GMRtBS-T. CTi.{f, M,N, Baibich, 
J.M.Broto. A.Fert, Nguyen Van Dau, F, Petroff, P.E 
tienne, G.Creuzet, A.Friederich and J.Chazel as:Ph 
vs . Rev. Lett. . 61 (1988) . 2472 ] ^ . h y 

X'<mSmm>& iTUKt^-t, T.Miyazaki 

and N.Tezuka:J.Magn. Magn Mater.l39(1995)L231] ^ 
<7M3H>&A,i,zinbixx^h . Zti^^Mrnxm^^ 

ixKWckcommsmmzim. 2 5%ot^-^- 
[00053 Jgtc^:# %w$s&mMt*n?tm£t^ m 

E^U^fiSSaS (Colossal Magneto-Resistance effe 
ct:CMR) (A.Asamitsu, Y.Morimoto, Y.Tomioka, T.Arim 
uraand Y.Tokura: Nature, 373(1995) 407) *»'gi£iiS§ 
tlX^.-l. 

[00063 ±s&m&t\i.. <r zmw? -hizmftn 

Ztttl^uyxtJ MMnSftftRj - x A x MnO 
3 (RliLa, Pr, N d & f <7> + 3 m^±M^ * 
y. AlJCa, Sr, Ba, P b 3rfc'<7)+ 2 fi<0-f 
>) fc^Tfl&$*t£E**ft<DMR2&S, 

M RSft^^^ffi fc t v ^ ^. s wig,migamfc - ^SK^ 

(field-induced insulator-metal transition) frfii 
•T. CL^tfcJtS^LWWfScO-^i. R3 + 4*y 
5rA2 + >f a-yx-^ (x) BIL^'J K-t>-^5r 

a u -a^T c MTxtam-t hztx-hh. 

[00073 w^$2^il S*<9 ( R3 + x 
A2 + ) <rmx.&b-£t,z£^X. **-VT-®!&xt* 

vVT-<Dh?yx7T-mft (e^fasf^ffl) t, bo 

lWrF^ypmwt^d 2oc7)y^•7^-^2:*«5:•) 

TLaj _ x Sr x Mn0 3 (x = 0. 17 5) W: 
b&k. T=2 83KT'{4MRJtA^'9 0% (H=0tH 
= 1 5X^y<nit) . a^:, Pr, _ x Ca x Mn0 3 
(x=0. 3) SrWckSi:, T= 2 OKTtiMRit** 
10i i (H = 0tH = 6x^7C7)Jt) t^§$(C^r 
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%fflt LT. WW^Fl 0-2 5 54 8 m'&mffhz. 
JtffcfcMli. rttV9<7y*xr7xii<i hMMngHt:^ (P 
i-o. ?Ca 0 . 3 Mn0 3 ) IzMEEtmiVt&Z tiZ 

[0009] 

^#£>S . ±IBt^^#|yF 10-25548 

[ooio] *^hj{±^ mmwhamnfflmizx^xn 

X OfSHBfcti. *SKHHu ^n^^f hSMn 

mimM±izsmm£ftLxy-hm&ziiL. y-h 
aAg[ a u > h 9 > i v*. * t- gffl-r s . i.ht-Bffji:-r — 

[00 11] 

m^iizmnhixtznMmvmmi^^m 
ttmm. msizv-xmM. Yv^yw&t. v-xm 
n, h w ymmty- h9Mm&mztuzz0>y>- 

[0012] tt:£JS2!e®Of£BJ§-cii. ff^UBKO 
^^Affixbyh^y^x^krisvvc, ^fg^Jffiife 
^ftmSr^S-f^JlJi. Mn0 3 ^SfttfSMni 

[0013] ii^3ieMO^TOi. M&l!2£tt<0 

*#-f h&rt^i. Pr 1 _ x Ca x Mn0 3 ^rSffijg 
fc^L-fcCa^inLJtPrCaMnOj, T^Sfc-TS 

[ooi4] ts^«4ie«^Bj-eji % unmitzsffl 

comffi&AMxtyhyyiSAfiz&^x. SiriBMn* 
*<.U7X*}4 Ym{m\i. Nd, _ x Sr x Mn0 3 5r 
&$B££*L;tS r£8sinL*:NdSrMn0 3 

[0015] IB*^5fa©^Hj-c«, fff^JS 1 7bM4 

oi5rn*Hcie^c7)®?aEASx by h ^ y-sxinzts^ 
x. memtits rT i o 3 trngmx-bht^h tx 



[0016] IS^6g«tfO^BJ-c{i % ff^jg J ^ 4 
tin. 

[0017] IS^«7iB«80%Bj-c( Jx x ^ 4 

^Mfi^Hcfsm^^t&ASx b y I- ^ y itx 9 \\ 

x. tffiMWMgosmii&x'bzt-tzb^. 

[0018] 

iz&ficvmtitemm mz. mtfmffi*&mLx*mi 
izi stfaAi^tv h 3 >=jx?<7>mfocr>m&*m 
mizmm-r §.01—07 ^mm-t & t » *%Bj<7)s?t 

[ 0 0 1 9 ] 0 1 14. *3%BJS:jaffla]-^^^tAM^ 
b y h 7 y : Jx 9 <^*ffif£.£^~fW&i;mX'$> h . H0 
1 (=*jv vc . *^M^®om?taAMx by h 7 y i^x 

a#i 1 » ^n/x*^ hSMne-ft^ai 2. 
y-xwi3. Hi^-f >«i 4, «assi5, 
h«S 1 6 Lxmattstiz . 
[oo2o]iftiiii aa-rs^orx^-r haiw 

fflV^TMSilS. ^Sl 5WU ±Miy-bWmi 6 
fe ^d^-X^ i Y MM nttffcflDB 1 2 ^ nfflcotmt : L 

[ o o 2 1 ] mz^ ^^mxM>b^> : Jx9(r>m^ 
&m2izm^xmw-r&. 3214. *^om?taA 

bmMnWHmmizwffiz&x- §i#a**«ff*>fi 

fflfi^'Sc: SSP^i-2 2 1 , y-xm«i2 3 . KHy 

Sfii2 4. JJe^D^^xf hMMnH-fk^ii2 2<7)« 

9M2 6^ ±Miy— hWM2 6t'<ci7'x#4 MMn 
2 2 i: tfDigeoi&fiiS: i: S Jti6c^)^a 2 5 

[ 0 0 2 2 ] ^^03 {4, 0 2 iZjsVZ&tftmiZlcfJfc^- 
5V-X-KH yra<0^m^^^LTV^. 03(C*5 
V^T, »-^al4y-h®fii^mo«ffi$rEPjDL^*t^T' 
02 (a) tCffl^L. 02^95^2 2 l^attt^Jg* 

•CV^§«®$:«•f. 02 ( b ) {iy- hSStc^ a <7) 
wtJifiF-^bKfBSU 02COSP^2 2 l^EEttifeg 

x^&tfmzmr. 02 <c> {403tctjv^r^ao 
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msLx^&imimi-. 02 u) izm3tsifz$F§- 
itx^&mtpcvftmx'h*) . a3(cfc{t^^dtcffl^ 

[0023] 

[0024] (HffiffJ 1 ) H4fc. *f&Hj<7)fl3!?&;y@ 
f^yiXhnmA(SrTi0 3 : 

sTotmsE-rs ) mmik&mzx iffif&nti&m^ 

1 P r 1 _ x C a x M n 0 3 Off Jfc^flS^orx 
*K hSMngKfc%«4 2. Pt««gT-S)Sy-XlSi 
43, P tmfliT'J>£ H U-f >WM4 4 . ±12^*- h« 

»£fcS>ttf><75S i0 2 TJ>i»^J14 5. JJB^nr 

[0025] <%iz*micDmffi£*mx ^yv^y^x 

[ 0 0 2 6 ] JM ( 1 ) ; m&5 1 fc LTilSJC^^ 

IS(2) ; SStg5 l±£Pr-Ca-MnV/l'}§}K 
Jxeya-M-C, Pr-Ca-Mny;H»f 
S. ^±^^2 5 0X:T-3 Ofl-SWcUBftflS • flH*£ 
fTofcgL :*3\4> 10 0 0-CT'3^M^LP r , _ x 
Ca x MnO a ^M5:7 0 0A^^. 
ISO); IS (2) W&fE£ 3\2\m*) m tTPr 
i-»Ca, Mn0 3 ?fffi|5 2£#>2 0 0 0 A&ffrt 

IS (4) ;±MPr 1 _" x Ca^MnOjiiiK. 
6&V-X^«I5 3£100 0A. e^h'b-f >m«!5 
4 S: 1 0 0 0 AX -y^Stc-Cft®!-?-* . ffi. 

ffitfodcoprj _ x ca x Mno 3 mmzm-&®mi 

Srl^-h &&«9T*fifcLTTi£5 0A£>£> 

*>t#>X,K.y?l,T:fc<. 

Ig (5) iJJEPri _ x Ca x Mn0 3 ?IJK£&tJ 

e4y-7ts5 3» &&fi>"1 ymm5 4mtz%.mi$. 
x^yf-mzm^x. tmmt lxs io 2 &100 

IS (6) ;S^±fE^®±(cy-hm«ii:LTa 
&£1 000AAJ*v?fmLX. X%5E5$.%-£ 



[0027]^. ±IBXg ( 2 ) tCfflV^7tV;U^U^?g 

[0 028] 4i\ Pr. CafcfcfLTWfftPrT 
Aodfv-K Car^3^f>-HSr. *fcMnt3SLTM 

<±yh*>-h\ xhdf->h\ -fy7D**^H, n-7" 
n#^K. n-7>3r^h\ sec-7hJfyK t 

[0029] mzmi(D&miWMam®M'Plz®M2 
ZcoimtrnkLXliTJl-zi-ji,^ T)Vn^ 

?-MS.*? ;—)V. x;y-y-/K 4v?unj-)v 

(IPAirB&E). n-7DA7-/k n-??J— 

3^yH7;l-3-;Hi2-> h^fi/i?/-;K 2-X 
h^rxx^y— ;K 2-7'n^dr^x^y— 2-7" 
h^x^y— ;k 1 -y h3rv"-2-To>W-/t^' 

[0030] mtbmz \mTe> x o %mmz x o V)vy 
h&wz-tcowTizmMzittimmzmmi tv 

(H6T1iI PAZmtLX^Z) . Mn^;P*'>-K*S 
7*;P34f>'T/P3-;K7)V^n7&\ S>5 
H{i-e-«OM*fc^)S§^^?8t^^?S2fc-rS. <Jct» 
?£1 t,^?SE2*-^L^s**r8 0—1 3 Q°CT'^* 
U Pr-Ca-Mny-/^>}§^SrffS. 

[003 1] ccoidtcLTff^tutxe^h^^^x 

[00 3 2] (HJSM2) ^SfiCTltfO05<^Ig 

( 2 ) . Ig ( 3 ) iza^XY/uy^meoRh^izU- 

v-T7v->-*i>m*m\\ zomzmmmi tm— 

CDJLUX-&5&R<7)A \:>y?vi?x9 ztm Liz. . 

[0033] mi iz^mm^mzm^u— f-rrv 

fmtti. fiB*>. Pr 60 O, , tCaCOj HXl/M 
n 3 0 4 0#^5j?Sr. P r : Ca : MncOig^it*^ 
0. 7:0. 3 : 1 iZ*&8feX'n&L. ZtHz^fS 
-JUZtntX. ibcOo^MX4 0m^m^ti. *LX 
mSM^i^^.'PlZX 10 0 0 *CT' 2 4 BWSMjft L . 

Ltdmvm& tmzi>o -mm l . ^^-^ l 

fe. t#^>iX^5(eS^^ 1 t o n/c m2 t-rux 
^4>fcT 1 1 0 0-C-C4 8I^JpSiU^L-c^ 

[0034] 
[l&l] 
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[0035] (mm3 > *mmw3 tia. i o 

Pr j _ x Ca x Mn0 3 ^MO*^»3tCNdo . 5 S 
^ifeflj 1 k |5I«^ h^f'J t^tlte . 

[ o o 3 6 1 ±M<7)^^®{i N *mioim%m 

Sfro— Wt'fcS. <IU £ iitcl^S ft & term's: 
[0037] 

iie^oyx^-f hfflMniwi:«rti±tc«aM^tT 

[0®<7>fS#2r|jiBfi] 

[0i ] #?s^TO£7jgxe >h^>-^^tijs 



[@3 ] ^muz&ifzmffi&Amxvy b v^itx? 



m<?>-mx-fc&. 
[05] ^Bjio^a^xe^h^y^x^tfof^ 

[06] *^Bj(-fliv * ^ Yfcyfrmmnm&jjmmx'b 

[07] ^HJ^^faAMxbvh^y^X^oy- 

NmEi: v-x- Ki^-f ^<7>s!Ji:^o5g«$-^-r0-e 
[ft-f-oifcBjn 

11. 41, 51 

12. 31, 

13. 43, 

14. 44. 

15. 32, 



42, 

53 : 

54 : 
45. 

16, 33, 46, 



: ift(STO) 

5 2 : ^D^*^ hM nRfHM 

5 5 : JglMI 
5 6 : y-bW& 
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46 
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